Introduction
In many organic solvents, water is generally considered as an impurity, and therefore its measurement in solvents is of importance for many industries and technologies. The traditional method for the quantitative measurement of water in organic solvents is the Karl Fisher titration. 1 Although this approach has several useful characteristics, some disadvantages such as the requirement for skilled personnel and specialized equipment, the complex of sample manipulations and interference from other co-existing species limit its wider application. Therefore, low-cost, rapid, simple, and sensitive alternative methods for the determination of trace amounts of water in organic solvents are a very appealing goal.
The polarity proticity of solvents have great influence on the fluorescence of a fluorescent molecule. 2, 3 It is commonly acknowledged that solvent-dependent spectral changes can arise from either general or specific solvent effects. 4 The first effect results from interactions of the dipole moment of the fluorophore with the reactive field induced in the surrounding solvent. The latter results from the short-range interactions between the fluorophore and solvent molecules in its first solvation shell such as hydrogen bonding. 5 Hydrogen bonds between a protic solvent and a fluorescent molecule may form under certain conditions, which can considerably affect the molecular orbital energy levels and accordingly influence the photophysical properties. 6 As a fluorescent dyes with high stability and strong intensity, naphthalic anhydrides and their derivatives have wide range of applications. These include use as semiconductor oligomer, 7 liquid crystal displays, 8 intercalators to cleave plasmid DNA, 9 and a monoboronic acid probe to determine glucose. 10 They are considered good candidates for new fluorescence dye probes. The introduction of the amino group at the 4-position greatly enhances the fluorescence of the molecule. This group of compounds seems quite promising as fluorescent carriers in the preparation of probes. A solvatochromic fluorophore 4-N,N-dimethylamino-1,8-naphthalimide 11 was synthesized and used for the detection of a wide range of biomolecular interactions. But to the best of our knowledge, there are few reports about their application in detecting water content. 12, 13 As demonstrated in our previous papers, 14, 15 naphthalimide are excellent candidates for preparing fluorescence sensors.
In this research, the authors synthesized a new fluorescence water probe for the determination of water content in organic solvents. A derivative of naphthalimide, N-amino-4-(2-hydroxyethylamino)-1,8-naphthalimide (AHN), was reported and used as a fluorescence indicator due to its favorable sensitivity to solvent polarity. It is observed experimentally that, with increasing of water content, the AHN fluorescence intensity changed dramatically and the spectra exhibited a red shift. This solvatochromic feature means AHN is promising as a fluorescent probe in the deteremination of water content. The AHN fluorescence probe results with dioxane, acetonitrile and ethanol solutions of different water content are displayed. The successful fabrication of the proposed probe presented satisfactory sensitivity and low detection limits and is a useful example of the use of naphthalimide derivatives for fluorescence probes to detect water.
Experimental
Reagents 4-Bromo-1,8-naphthalic anhydride, purchased from Taizhou Chemicals (Zhejiang, China), was recrystallized twice from chlorobenzene (m.p. 217 -219 C). Hydrazine and 2-aminoethanol purchased from Damao Chemicals (Tianjin, China) were of analytical reagent grade. All organic solvents were of analytical reagent grade and were used as received or were dried to eliminate any water residue before being used in the experiments. Dioxane was pre-dried over KOH, then decanted and distilled at ) and adjusting to desired pH with 0.20 mol L -1 NaOH. Outside this range, the pH was adjusted by addition of HCl or NaOH solutions. A stock solution of fluorescence probe (1.00 × 10 -3 mol L -1 ) was prepared by dissolving 27.1 mg of AHN in 100 ml of acetone. Unless otherwise stated, all other reagents were of analytical reagent grade and were used without purification or treatment. Doubly distilled water was used throughout.
Synthesis of N-amino-4-(2-hydroxyethylamino)-1,8-naphthalimide (AHN)
AHN was prepared according to the synthetic scheme shown in Fig. 1 . N-Amino-4-bromo-1,8-naphthalic anhydride (ABN) was first synthesized according to the literature. 16 ABN was obtained as a yellow solid in a nominal yield of 88.6%: m.p. 212 -213 C; m.s.: molecular ion peak, 292(M + ).
ABN (1.0 g) was mixed with 2 mL of 2-aminoethanol and added in small amounts to CuSO4·5H2O, then heated at reflux for 2 h in 30 mL of ethylene glycol monomethyl ether. The reaction mixture was poured into 150 mL of water, and this solution was filtrated. The solvent was evaporated under vacuum and the product was separated by column chromatography on silica gel with ethylacetate as eluent. The product was dried under vacuum at 60 C for 10 h, with a nominal yield of 76.8%: m. 
Instrumentation
All fluorescence measurements were conducted on a Perkin-Elmer LS-55 spectrofluorometer with both excitation and emission slits set at 5 nm; the procedure was controlled by a personal computer data processing unit. The light source was a pulsed Xe lamp. Solution pH was measured by use of a pHS-3B pH meter (Shanghai Precision & Scientific Instrument Co. Ltd., Shanghai, China). All fluorescence measurements were performed at room temperature (20 C) and atmospheric pressure.
Operating procedure
The sample solutions with different water contents in the pure organic solvents were freshly prepared prior to each measurement according to the following procedure. A 1.00-mL portion of AHN stock solution (1.00 × 10 -4 mol L -1 ) was povred into a 10-mL volumetric flask and evaporated to dryness. Then 1.00 mL of a different organic solvent was added, and a certain bulk volume of doubly distilled water was added by micro or macro transfer pipettes. A different organic solvent was then added into a 10-mL volumetric flask to the mark. The water contents in the prepared samples were standardized with the Karl Fisher method.
Results and Discussion

Spectral characteristics in different solvents and response mechanism
By observing Fig. 2 and Table 1 , one can easily notice that the solvent exerted an evident influence on the fluorescence intensities (from 697 in tetrahydrofuran to 224 in water) and excitation and emission spectral maxima positions (from 427 and 503 nm in dioxane to 454 and 547 nm in water). Like the behavior found in the 4-phenoxy-1,8-naphthalimide, 13 the dominant electronic transition of AHN to the first excited state should be of π → π* character and the charge transfer process is possible due to the electron-donating ability of the naphthalimide group at C-4 position. The electronic charge distribution of π → π* excited state is more extended than the ground state and the excited state is more polarizable. Changing from a non-polar to a polar solvent increases the solvent interaction and moves the excitation and emission spectra to longer wavelengths (red shift). 17 In order to quantify the response of AHN to solvent polarity, we recorded the spectral properties of AHN compound in organic solvents of different polarity. The excitation wavelength (λex), emission wavelength (λem), Stokes shift (Δν), dielectric constant (ε), refractive index (n), orientation polarizability (Δf) and relative fluorescence intensity (Imax), which was in relation to the most intensive emission measured in tetrahydrofuran (I = 1.00), were reported in Table 1 .
Usually, general solvent effects on the fluorescence spectra can be estimated from a Lippert-Mataga equation:
Here νa and νf are wave numbers (cm -1 ) of the absorption and emission, h is Planck's constant, c is the velocity of light, a is the radius residence cavity and μ* and μ are excited and ground state dipole moments. Δf = (ε -1)/(2 ε + 1) -(n 2 -1)/(2 n 2 + 1) accounts for the spectral shifts due to reorientation of the solvent molecules, called the orientation polarizability. Figure 3 shows the Stokes shift in various solvents vs. orientation polarizability. The Stokes shifts increase with the solvent polarity for the probe. Nevertheless, the Stokes shifts in dichloromethane and ethanol generated significant deviations from the correlations. These variances may be due to the effect of polymer backbone or the formation of hydrogen bonding.
Such HBD (hydrogen-bond donor) solvents can easily form hydrogen bonds, binding to the carbonylic oxygens of the AHN molecules. These results are similar to those found for 1,8-naphthalimide derivatives.
13,18
Spectral changes induced by addition of water content in organic solvents
The prepared fluorescence probe is really useful in the determination of water content in organic solvents. The fluorescence probe of AHN with dioxane solutions of different water content are displayed in Fig. 4 . With the addition of water content from 0.00 to 90.0% (v/v), the AHN fluorescence intensity decreased dramatically and the excitation and emission peaks underwent a red shift. The excitation and emission peaks were 427 and 503 nm for AHN in dioxane, respectively. Similar behavior was observed in other organic solvents.
The effect of pH
The effect of the pH on the fluorescence intensity of the probe was investigated in aqueous solutions of different pH valves. The acidity of solutions was maintained by use of B-R buffer solutions in the range 2.00 to 11.50, and outside this range the pH was adjusted by the addition of HCl or NaOH. As shown in Fig. 5 , the fluorescence intensity increased steadily when pH was between 2.00 and 12.00, and declined markedly when the pH was less than 2.00 or greater than 12.00.
Quantification and detection limit
The experimental response curves of the probe for water content in three different organic solvents (dioxane, acetonitrile and ethanol) were investigated. The excitation and emission wavelengths were 427 and 503 nm for dioxane, 435 and 519 nm for acetonitrile, 443 and 527 nm for ethanol, respectively. These calibration equations can serve as the quantitative basis for the determination of trace water content in some organic solvents. The detection limits were 0.019, 0.038, and 0.060% for dioxane, acetonitrile and ethanol, respectively. The fluorescence intensity also keeps a good linearity in the range of water content from 20 to 80% for dioxane.
Conclusion
AHN, a derivative of naphthalimide, has been shown as a feasible fluorophore for the preparation of fluorescence water probes. The probe shows fluorescence intensity decreases by addition of water in organic solvents. The detection limits of the probe are sufficiently low to allow the detection of trace water. The proposed probe provides an alternative and convenient approach for determination of water content in organic solvents.
